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1  | INTRODUC TION
Whiteleg shrimp, Litopenaeus vannamei, is an economically import-
ant shrimp farmed widely around the world (FAO, 2015; Lu et al., 
2015). It represents over 90% of total world shrimp production 
and commonly farmed in countries of Central America, Caribbean, 
South America and South-East Asia including Mainland China, India, 
Thailand, Malaysia and on other countries (McGraw, Davis, Teichert-
Coddington, & Rouse, 2002; Rosenberry, 2003; Saoud, Davis, & 
Rouse, 2003; Ackefors, 2009; Zhao et al., 2012).
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Abstract
This trial was conducted to evaluate the effects of nucleotides on growth of whiteleg 
shrimp, Litopenaeus vannamei, and the survival and metabolic responses to ammo-
nia stress test. Experimental diets were as follows: low fish meal diet (LFMD), and 
four LFMD test diets, each supplemented with 0.1% guanosine monophosphate 
(GMP), 0.1% inosine monophosphate (IMP), 0.1% mixture of GMP and IMP and 0.1% 
mixture of GMP, IMP, uridine monophosphate (UMP) and cytidine monophosphate 
(CMP). The shrimp specimens (initial body weight: 0.99 ± 0.01 g) were randomly allo-
cated into five groups and fed four times daily for 8-weeks. After the trial, final body 
weight was recorded and haemolymph was withdrawn for haematological analysis. 
The shrimp was then challenged with 70 mg/L ammonia (LC50) for 10 days. Survival 
and haemolymph of the shrimp were taken after exposure to ammonia. The highest 
growth performance was observed in the shrimp fed diet supplemented with GMP 
(p < .05), while survival was not influenced by the test diets in the feeding trial. In the 
ammonia challenge test, the highest survival was observed in the shrimp fed GMP 
supplemented diet compared to others. The plasma protein, glucose and cholesterol 
levels increased in all the treatments while triglycerides level decreased post chal-
lenge. Cortisol level recovered at day 10th after the challenge. Shrimps fed with nu-
cleotides diets showed higher protein and glucose level compared to control groups 
post challenge. In general, nucleotides supplemented in the diet enhanced growth, 
improved stress resistance while modulating the haemolymph metabolites in L. van-
namei under ammonia stress.
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In intensive shrimp culture, whiteleg shrimp can be reared at very 
high densities up to 150/m2 in pond, and in controlled recirculated tank 
culture, it can be reared up to 400/m2 (Briggs, Smith, Subasinghe, & 
Phillips, 2004). This kind of intensive farming contributes to accumu-
lation of ammonia, nitrate and nitrite from the leftover food and ex-
creted waste by the shrimp which resulting in degradation of culture 
environment. As comparison among the nitrogenous waste, nitrate is 
the most toxic compound compared to ammonia and nitrite, while ni-
trite is more harmful than ammonia to crustacean (Romano & Zeng, 
2013). In penaeid shrimp, high level of ammonia in the culture water 
influenced the survival and growth rates and even leads to high mor-
tality (Chen & Lin, 1992; Zin & Chu, 1991).
In aquaculture, biological substances and synthetic chemical that 
able to support normal growth and improving health of animal are im-
portant to solve the immunosuppressive states that caused by stress 
(Li & Gatlin, 2004). Nucleotides composed from a nitrogenous base, 
pentose sugar and one or more phosphate group. Nucleotides play 
important key role in many physiological and biochemical functions, 
including serve as an intermediate of energy metabolism, compo-
nents of coenzyme, carriers of activated intermediates, signal trans-
mission and encoding genetic information (Carver and Walker 1995). 
However, numerous previous studies have revealed that dietary nu-
cleotides administration may provide beneficial effects under certain 
circumstances (Holen & Johsson, 2004) such as enhance growth per-
formance (Borda, Martinez-Puig, & Cordoba, 2003; Hossain, Koshio, 
Ishikawa, Yokoyama, & Sony, 2016; Hossain et al., 2017; Lin, Wang, & 
Shiau, 2009; Song & Lee, 2013; Song, Lim, & Lee, 2012; Yin et al., 2015; 
Zhao et al., 2015), immune responses (Burrells, William, Southage, & 
Wadsworth, 2001; Leonardi, Sandino, & Klempau, 2003; Ramadan, 
Afifi, Moustafa, & Samy, 1994; Sakai, Taniguchi, Mamoto, Ogawa, & 
Tabata, 2001) and gastrointestinal health (Cheng, Buentello, & Gatlin, 
2011; Guo et al., 2016; Hossain et al., 2017; Miao, Cao, Xu, Zhang, 
& Mai, 2014; Xiong et al., 2018; Xu et al., 2015) in fish and shrimp. 
In contrast, information up to date is limited to the economically im-
portant marine invertebrates, especially penaeid shrimp, on the effec-
tiveness of nucleotides administration in modulating stress response. 
Therefore, this present work is aimed at investigating the effect of di-
etary nucleotides on weight gain, survival and stress response of juve-
nile L. vannamei exposed to ammonia challenge test.
2  | METHODOLOGY
The present study was carried out at Shrimp Hatchery of Borneo 
Marine Research Institute, Universiti Malaysia Sabah (BMRI, UMS). 
Whiteleg shrimp postlarvae 15 (PL15) were obtained from a local 
shrimp hatchery and reared in the UMS Shrimp Hatchery until 
they achieved the desired size (~1 g) for the experiment. During 
this period, the postlarvae were fed with a commercial pellet (37% 
crude protein and 4%–6% crude lipid, Royal Dragon, Vietnam). The 
shrimp were reared under roofed facilities with natural photoperiod 
of about 12 hr light and 12 hr dark. In this experiment, the World 
Health Organization (WHO), Malaysian Animal Handling Code of 
Conduct and National Research Council guide for the care and use 
of laboratory animals were followed.
2.1 | Experimental diets
The experimental diets were formulated as low fish meal diet 
(LFMD), and four other low fish meal diets supplemented with differ-
ent type of nucleotides. The LFMD was prepared by replacing 50% 
of the fish meal protein with soybean meal protein (basal diet). The 
other four test diets were each supplemented with different types of 
nucleotides into basal diet: 0.1% guanosine monophosphate (GMP), 
0.1% inosine monophosphate (IMP), 0.1% mixture of GMP and IMP 
and 0.1% mixture of GMP, IMP, uridine monophosphate (UMP) and 
cytidine monophosphate (CMP) (Table 1). All of the diets were for-
mulated to contain 36% of crude protein and 8% of crude lipid (Hu 
et al., 2008).
2.2 | Preparation of diets
The experimental diets were prepared by mixing the dry ingredients 
thoroughly with oil followed by adding water. The mixture was then 
passed through a meat mincer with a 3 mm die, and the resulting 
long strings were oven-dried at 40°C for 8 hr. After drying, the ma-
terial was graded and sieved with 2.8 mm test sieve (Glenammer) to 
a desired pellet size and stored in airtight container at −20°C until 
further used. Proximate analysis of the experimental diets showed 
that the diets crude protein and crude lipid were in the range of 
35.51%–36.04% and 7.11%–7.88%, respectively, without any signifi-
cant different (p > .05).
2.3 | Feeding trial
In the present trial, 160 L fibreglass tanks (surface area: 0.36 m2) 
were used and placed under roofed area and exposed to natural 
photoperiod. Each tank was equipped with aeration and supplied 
with flow-through filtered seawater (25-µm filter bag) at the rate 
of 1 L/min. At the beginning of the trial, the shrimp were indi-
vidually weighed and measured for the initial body weight and 
body length. During the measurement, the shrimp specimens 
were tranquilized in cool sea water (22°C) before patted dry and 
weighed to the nearest 0.01 g (Shimadzu), and the body length 
and total length were measured using calliper to the nearest 
0.1 mm (Mitutoyo).
During the feeding trial, each of the formulated feeds was fed to 
triplicate tanks stocked with 25 shrimp juvenile (initial mean body 
weight, 0.99 ± 0.01 g). They were offered feed four times daily at 
0800, 1200 and 1600 and 1900. Uneaten feed were collected and 
oven-dried to estimate the feed intake. At the interval 2 weeks, the 
body weight of the shrimp was measured to estimate growth and 
feed intake in each treatment. The initial feeding rate was 20%–25% 
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of the total biomass and adjusted biweekly based on the growth and 
feed intake. At the end of the 8-weeks feeding trial, the shrimps 
were weighed individually and counted to estimate the growth per-
formance and survival.
2.4 | Ammonia challenge test
After the 8-weeks feeding trial, ammonia challenge test was con-
ducted. The LC50 for ammonia was pre-determined at 70 mg/L fol-
lowing the methods of Lin and Chen (2001). Prior to the challenge 
test, the initial haemolymph of shrimp (n = 6 for each treatment) was 
withdrawn from the ventral sinus at the base of the first abdominal 
segment with a syringe pre-rinsed with cooled anticoagulant solu-
tion followed the method by Mercier et al. (2006). The haemolymph 
was centrifuged at 1,350 × g for 10 min at 4°C, and the separated 
plasma was stored at −81°C until further analysis.
For the ammonia challenge test, 30 specimens of the shrimp were 
obtained from each treatment and divided into three tanks with 10 
individuals per tank. The challenge trial was carried out by diluting 
ammonium chloride (Merck) to the desire concentration (Schuler, 
Boardman, Kuhn, & Flick, 2010). In the challenge test, static renewal 
water system was used, 50%–60% of the water were exchange and 
replaced by seawater with same concentration of ammonia. During 
the challenge test, the shrimp were fed with respective treatment 
diets twice daily at 0800 and 1600. Mortality of the shrimp was 
monitored and recorded for 10 days. At the end of the test, haemo-
lymph of shrimp (n = 6; 2 shrimps from each replicate) was obtained. 
Commercial test kits were used in the present study to determine 
the glucose (GAGO-20, Sigma), protein (Modified Lowry protein 
assay kit-23240, Thermo Scientific), total cholesterol (MAK043, 
Sigma-Aldrich), cortisol (CEA462Ge, Cloud-clone) and triglycerides 
(TR0100, Sigma) of the shrimp plasma.
2.5 | Statistical analysis
The data obtained were analysed statistically with IBM SPSS (ver-
sion 23) and analysis of variance (one-way ANOVA) to determine 
the difference between the mean values of different treatments. 
Differences in mean were analysed by Tukey's post hoc test at 95% 
level of significance, while the metabolic variables were analysed 
using paired t test to determine the difference between the mean 
values of pre- and post challenge of each treatment (Table 4).
 LFMD L + I L + G L + I G L + IGCU
Fish meal 21.97 21.97 21.97 21.97 21.97
Fish oil 6.03 6.03 6.03 6.03 6.03
Soybean meal 22.00 22.00 22.00 22.00 22.00
Wheat gluten meal 7.22 7.22 7.22 7.22 7.22
Vitamin mixture 3 3 3 3 3
Mineral mixture 3 3 3 3 3
Lecithin 1 1 1 1 1
Cholesterol 0.5 0.5 0.5 0.5 0.5
Calcium Phosphate 3 3 3 3 3
Starch 23 23 23 23 23
CMC 5 5 5 5 5
Alpha-Cellulose 4.28 4.18 4.18 4.18 4.18
IMPa - 0.10 - 0.05 0.025
GMPb - - 0.1 0.05 0.025
CMPc - - - - 0.025
UMPd - - - - 0.025
Proximate composition (%)
Moisture 6.64 6.25 7.42 7.40 7.69
Ash 10.54 10.79 10.47 10.79 10.65
Crude protein 36.04 35.51 35.78 35.85 35.53
Crude lipid 7.11 7.57 7.88 7.40 7.54
Fibre 5.38 4.62 5.66 4.48 5.04
aIMP: PT. CJ. Indonesia. 
bGMP: PT. CJ. Indonesia. 
cCMP: Nanjing Biotogether Co., Ltd. 
dUMP: Nanjing Biotogether Co., Ltd. 
TA B L E  1   Formulation and proximate 
composition of experimental diets 
(g/100 g, dry weight basis) Diets/
Ingredients
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3  | RESULTS
3.1 | Growth performance and survival
Final weight, percentage of body weight gain and survival of the 
shrimp fed diets containing different types of nucleotides are pre-
sented in Table 2. Final weight and percentage of weight gain were 
significantly higher (p < .05) in shrimp fed LFMD supplemented 
with GMP (L + G) than other nucleotides such as IG and IGCU and 
also basal diet (p < .05), while there is less significant with IMP 
(L + I). Feed intake were significantly higher in shrimp fed with 
GMP (p < .05). Survival was not different among all the dietary 
treatments (p > .05).
3.2 | Ammonia challenge test
After the ammonia challenge test, more than 63% survival (Table 3) 
was observed in shrimp provided feed supplemented with nucleotides 
(IMP, GMP, IG, and IGCU). The survival post-challenge test was not dif-
ferent among all the dietary treatments. However, the highest survival 
was observed in shrimp fed with GMP (93%), while shrimps fed with 
IGCU showed the lowest survival (63.3%) post-challenge test.
The initial and final haematological parameters of plasma total 
protein, glucose, triglycerides, cholesterol and cortisol level of L. vann-
amei in sub-lethal concentration of ammonia are shown in Table 4. The 
total protein and triglycerides showed decreasing trend after post-am-
monia challenge test. For total protein, although the protein level was 
lower after the challenge test, but shrimp fed diets supplemented 
with nucleotides showed higher protein level compared to shrimp fed 
LFMD without nucleotides supplementation. For triglycerides, the 
data showed that before the stress test, the triglycerides were ranged 
from 65 to 94 mg/dl without any specific trend due to supplemen-
tation of nucleotides. The level of triglycerides decreased markedly 
after the test (p < .05) indicating that the shrimp were utilizing the 
triglycerides under the ammonia stress condition.
However, the blood glucose and cholesterol were increased after 
the stress test (Table 4). The glucose level was in the range of 16 to 
20 mg/dl before the stress test and significantly increased to the 
range of 54 to 85 mg/dl after test (p < .05). Shrimp fed the nucleo-
tides showed more increase in the level of glucose than shrimp pro-
vided LFMD, while the increase of cholesterol level in shrimp plasma 
after challenge test was not significant (p > .05). On the contrary, 
the cortisol level of shrimp was almost similar before and after the 
challenge test and did not show any specific trend of changes due to 
supplementation of nucleotides.
4  | DISCUSSION
In the present study, the low fish meal feed was formulated to 
contain 50% of protein from fish meal while another 50% of the 
protein was derived from defatted soybean meal and wheat glu-
ten. The replacement of soybean meal in feed for L. vannamei 
has been well documented (Forster, Dominy, & Tacon, 2002; Lim 
& Dominy, 1990; Yang, Tan, Dong, Chi, & Liu, 2015). However, 
the results varied depending on the type and quality of soybean 
products used. Several studies have demonstrated that at lower 
replacement level (20%–25%) of soybean product, the growth of 
the shrimp was higher than those fed full fish meal protein (Forster 
et al., 2002; Lim & Dominy, 1990). The trend has also been re-
ported in some marine fish (Firdaus, Lim, Kawamura, & Shapawi, 
2016; Mohd Faudzi et al., 2018). On the contrary, the survival per-
centage of shrimp was not significantly affected by the nucleotide 
supplementation where survival ranged from 70%–83% among 
the treatments during the feeding trial.
In this present study, shrimp fed GMP diet yielded highest weight 
gain among the other types of nucleotides. This result is in agreement 
TA B L E  2   Final body weight, body weight gain, feed intake and survival of shrimp fed different diets for 8 weeks
Diets LFMD L + I L + G L + IG L + IGCU
IBW 1.0 ± 0.0a 1.0 ± 0.0ab 1.0 ± 0.0ab 1.0 ± 0.0ab 1.0 ± 0.0b
IBL 4.2 ± 0.0 4.2 ± 0.0 4.2 ± 0.0 4.2 ± 0.1 4.2 ± 0.0
ITL 4.8 ± 0.0 4.8 ± 0.1 4.8 ± 0.0 4.8 ± 0.1 4.8 ± 0.0
FBW 15.7 ± 0.6ab 16.8 ± 0.6bc 17.9 ± 0.5c 15.2 ± 0.8a 15.6 ± 0.3ab
BWG 1511.0 ± 56.4ab 1585.4 ± 49.9bc 1701.0 ± 48.1c 1,428.1 ± 88.7a 1,463.9 ± 47.6ab
IFI 38.0 ± 1.2ab 38.6 ± 2.1ab 42.1 ± 1.9b 38.4 ± 2.4ab 37.4 ± 0.4a
Survival (%) 73.3 ± 6.1 70.7 ± 8.3 76.0 ± 6.9 74.7 ± 6.1 82.7 ± 2.3
Note: Mean values ± SD with different superscript within a row indicate significant difference between dietary treatment at p < .05.
Abbreviations: BWG, body weight gain (%) = (FBW-IBW)/IBW*100%; FBW, final body weight (g); IBL, initial body length (cm); IBW, initial body weight 
(g); IFI, individual feed intake (g/shrimp) = Total feed intake (g)/no. of shrimp; ITL, initial total length (cm).
TA B L E  3   Survival of the shrimp post-ammonia challenge test
Diets Survival (%)
LFMD 66.7 ± 32.2
L + I 70.0 ± 10.0
L + G 93.3 ± 11.6
L + IG 76.7 ± 25.2
L + IGCU 63.3 ± 35.1
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with the study of Do Huu, Hoang, Hoffmann, Köppel, and Barnes 
(2013) on black tiger prawn (Penaeus monodon) where the shrimp fed 
diet supplemented with GMP demonstrated the highest growth rate. 
This indicates the importance of dietary purine nucleotide GMP in 
optimal growth of black tiger prawn. However, this could be species 
specific. To date, there are limited studies on the individual single 
nucleotides on aquatic species especially on shrimp (Do Huu, 2016; 
Do Huu et al., 2013), and almost all the past studies, to the best of 
our knowledge, have investigated the effects of mixture nucleotides 
in the diet (Li, Gatlin, & Neill, 2007; Murthy, Li, Lawrence, & Gatlin, 
2009; Shiau & Lin, 2015; Xiong et al., 2018). In fish, Lin et al. (2009) 
examined the effects of individual nucleotides on growth and im-
mune response in grouper (Epinephelus malabaricus) and discovered 
that 1.5 g/kg of AMP (adenosine monophosphate) provided more 
beneficial effect on the growth performance, feed efficiency and 
immune response of the fish than other nucleotides (IMP, GMP, 
UMP, CMP). Song and Lee (2013) noticed that IMP provided benefi-
cial effect on the growth performance, feed utilization and immune 
responses of juvenile red sea bream (Pagrus major). Besides, shrimp 
fed GMP diet yielded highest weight gain most probably due to the 
higher feed intake compared to other treatments.
This study demonstrated that diet supplemented with nucle-
otides could improve the resistance against ammonia stress and 
increase the survival of L. vannamei under this situation. After the 
ammonia challenge test, shrimp fed diet supplemented with GMP 
exhibited highest survival. In fish species, dietary nucleotides 
have been reported to improve response to osmotic stress. Oulad, 
Abedian, and Khodabandeh (2009) revealed that in Caspian sea 
salmon, Salmo trutta caspius, fish that fed with 0.5% nucleotide 
showed higher immunofluorescence of Na+, K+ -ATPase in histol-
ogy samples compared to control group after transferred to saline 
water challenge (18 ppt). Hossain et al. (2016) also reported that 
in freshwater stress test, red sea bream fed mixture of nucleotides 
supplemented diet significantly improved the stress resistance. 
Besides, dietary nucleotides supplementation also contributed to 
significant lower in stress response such as glucose, cortisol and ion 
disturbance in rainbow trout against handling and crowding stress 
(Tahmasebi-Kohyani, Keyvanshokooh, Nematollahi, Mahmoudi, & 
Asha-Zanoosi, 2011). On the other hand, Kenari, Mahmoudi, Soltani, 
and Abediankenari (2012) revealed that dietary administration of 
0.25% nucleotide could improve the resistance to confinement and 
salinity stress of Caspian brown trout. Evidently, the dietary nucleo-
tides enhance the resistance of the shrimp against stress.
Haemolymph metabolites are proving useful as predictive indica-
tors of nutritional, physiological and immunological stress condition 
in crustaceans (Becerra-Dorame et al., 2012). Before the ammonia 
stress test, higher protein level was observed in shrimp fed L + G and 
L + IG compared to the other treatments. Although the protein level 
was lower after the challenge test, shrimp fed diet supplemented 
with nucleotides showed higher protein level compared to shrimp 
fed LFMD without nucleotide supplementation. This study showed 
a distinct reduction in total plasma protein in shrimp after stress. 
Some previous investigation also revealed similar results where 
total protein in P. monodon (Chen & Cheng, 1993; Mohamed Fouzi, 
Shariff, & Yusoff, 2012), L. stylirostris (Mugnier, Zipper, Goarant, 
& Lemonnier, 2008) and P. chinensis (Chen, Nan, Cheng, & Sheen, 
1993) decreased after exposure to ammonia stress. The decline of 
total plasma protein concentration in response to ambient ammonia 
may probably caused by the catabolism of haemocyanin and total 
protein to free amino acid in order to regulate the osmoregulation 
(Chen et al., 1993; Chen, Cheng, & Chen, 1997).
In the present study, the blood glucose of the shrimp was seen 
to increase post challenge with ammonia. It has been documented 
earlier that the glucose level increases when the animal is under 
stress (Iwama, Afonso, & Vijayan, 2006). An elevated in levels of glu-
cose in shrimp haemolymph is a well-known stress response under 
situations including repeated handling (Mercier et al., 2006), tran-
sit duration during transboundary shipment (Remany et al., 2017), 
heavy metal (Lorenzon, Francese, & Ferrero, 2000; Machele, Khan, 
Sarojini, & Nagabhushanam, 1989), exposure to formalin (Hall & van 
Ham, 1998), pathogenic infections such as white spot syndrome virus 
(WSSV) (Yoganandhan, Thirupathi, & Hameed, 2003) and also sub-
jected to environmental stressors such as ambient ammonia (Mugnier 
et al., 2008), variation in temperature (Ocampo, Patino, & Ramirez, 
2003) and hypoxia (Martínez-Antonio, Racotta, Ruvalcaba-Márquez, 
& Magallón-Barajas, 2019; Racotta, Palacios, & Mendez, 2002). For 
crustacean, glycogen is the main reserve of carbohydrates. It consti-
tutes the main energy source during extreme or protracted exercise. 
The increment of the haemolymph glucose levels could suggest rais-
ing of energetic contribution (Briffa and Elwood, 2001). Shrimp fed 
TA B L E  4   Metabolic variables of shrimp plasma pre- and post-challenged at 70 mg/L ammonia
Diets
Total protein (g/dl) Glucose (mg/dl) Triglycerides (mg/dl) Cholesterol (g/dl) Cortisol (ng/ml)
Pre Post Pre Post Pre Post Pre Post Pre Post
LFMD 8.3 ± 0.3a 4.7 ± 0.6b 16.9 ± 1.2a 64.2 ± 3.7b 76.8 ± 0.9a 7.0 ± 4.5b 131.9 ± 15.1 146.0 ± 76.5 72.8 ± 4.5 70.6 ± 3.6
L + I 7.4 ± 0.3 7.7 ± 0.9 15.0 ± 1.6a 74.9 ± 1.4b 65.6 ± 1.5a 6.1 ± 1.9b 215.3 ± 13.2 182.5 ± 24.0 69.2 ± 4.4 69.9 ± 0.8
L + G 9.3 ± 1.2 7.0 ± 1.1 19.0 ± 2.7a 70.3 ± 9.5b 71.4 ± 6.5a 6.8 ± 3.6b 126.3 ± 38.9 154.3 ± 33.4 66.6 ± 4.5 67.4 ± 1.9
L + IG 8.9 ± 0.6 6.5 ± 1.2 16.7 ± 0.3a 78.5 ± 4.8b 94.2 ± 6.5a 11.2 ± 2.7b 123.4 ± 12.8 137.4 ± 41.3 70.3 ± 3.6 69.8 ± 1.1
L + IGCU 6.4 ± 2.0 7.4 ± 1.5 19.6 ± 4.1a 85.4 ± 4.4b 94.3 ± 2.6a 10.1 ± 3.8b 159.7 ± 30.8 181.1 ± 49.2 71.2 ± 3.6 68.4 ± 3.6
Note: Data presented as mean ± standard deviation.
Mean values with different superscripts in the same row between pre- and post-challenged are significantly at p < .05.
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the nucleotides showed higher glucose turnover than the shrimp fed 
HFMD and LFMD. The increase in glucose level in the shrimp fed 
nucleotides suggests that they are able to modulate more glucose in 
stress condition compared to the shrimp fed the control diets.
The shrimp cortisol level before and post-challenge test re-
mained almost similar, without any specific trend due to the sup-
plementation of nucleotides. There is a limited information on the 
stress and cortisol levels in shrimp. Unlike in fish, where changes of 
the cortisol level can be observed an hour after being stressed, and 
its return to basal levels after 6 hr (Iwama et al., 2006). In the present 
experiment, the analysis was done on the day 10th after the chal-
lenge test in which the shrimp could have returned to its basal level 
to keep away from tissue damage (Wendelaar Bonga, 1997). In fish, 
cortisol activates glycogenolysis and gluconeogenesis processes 
which eventually increase the glucose level to produce sufficient 
energy during the stress condition. This could also contribute to the 
increase of glucose in the shrimp after the challenge test.
Cholesterol and triglycerides are critical for supplying and re-
serving energy, and also as indicators for lipometabolism status (Shi 
et al., 2010). In crustacean, cholesterol is also a crucial cell constitu-
ent and precursor of steroid hormones including cortisol. The sup-
plementation of nucleotides did not affect the level of cholesterol 
before and after the stress test. However, an increase of cholesterol 
level was observed in all of the treatments expect shrimp fed HFMD 
and L + I where the cholesterol level before the stress test was re-
markably higher than other treatments. The increase in cholesterol 
indicates, in some unknown ways, its mobilization during stress 
condition and for the production of cortisol (Martinez-Porchas, 
Martinez-Cordova, & Ramos-Enriquez, 2009). However, the crusta-
cean is unable to de novo synthesize the cholesterol or other sterols; 
hence, the animal can only acquire the cholesterol from the dietary 
source (Kumar et al., 2018). Increased in cholesterol in the shrimp 
haemolymph in this study is most probably related to the presence 
of cholesterol in the experimental diet. For triglycerides, the data 
showed that before the stress test these ranged from 38 to 94 mg/
dl but without any specific trend due to supplementation of nucleo-
tides. The triglyceride level decreased appreciably after the test in all 
treatments, indicating that the shrimp is utilizing them under the am-
monia stress condition. Perhaps it is due to utilization of triglycerides 
in the glyceroneogenesis pathway or production of glucose by gluco-
neogenesis (Chaves et al., 2006). Several previous studies have also 
reported that cholesterol and triglycerides level diminished instantly 
after stress exposure, this indicating an initial arrest in lipid energy 
supply (Hoseini, Hedayati, & Ghelichpour, 2014; Hoseini, Hosseini, & 
Nodeh, 2011; Hoseini, Lluis, Abolhasani, & Rajabiesterabadi, 2016).
5  | CONCLUSION
In conclusion, the beneficial effects of dietary nucleotide adminis-
tration on growth and survival and resistance to ammonia stress in 
L. vannamei are evident. The administration of nucleotide in the diet 
particularly GMP positively enhanced the growth and survival of 
in the sub-lethal concentration of ammonia. Generally, nucleotides 
supplementation improved the resistance against ammonia stress 
and modulated blood metabolites by increased total protein, glucose 
and cholesterol under the stress condition.
ACKNOWLEDG MENT
This research has been financially supported by CJ Cheiljedang 
Corporation Seoul, Korea (GLA0009-2017).
CONFLIC T OF INTERE S T
All authors declare that there is no conflict of interest.
AUTHOR CONTRIBUTIONS
Annita Seok Kian Yong, Mohammad Lal Mohamad Tamrin, Yang-Su 
Kim and Rossita Shapawi involved in conception and design of study. 
Annita Seok Kian Yong, Mohammad Lal Mohamad Tamrin and Mok 
Wai Yee contributed to acquisition of data. Annita Seok Kian Yong and 
Mok Wai Yee involved in analysis and interpretation of data and draft-
ing the manuscript. Annita Seok Kian Yong, Mohammad Lal Mohamad 
Tamrin and Rossita Shapawi contributed to revising the manuscript 
critically for important intellectual content. Annita Seok Kian Yong, 
Mok Wai Yee, Mohammad Lal Mohamad Tamrin, Rossita Shapawi and 
Yang-Su Kim contributed to approval of the version of the manuscript 
to be published (the names of all authors must be listed).
DATA AVAIL ABILIT Y S TATEMENT
The data that support the findings of this study are available from 
the corresponding author upon reasonable request.
ORCID
Annita Seok Kian Yong  https://orcid.org/0000-0003-3766-4372 
Wai Yee Mok  https://orcid.org/0000-0003-2341-1809 
Rossita Shapawi  https://orcid.org/0000-0003-1548-3327 
R E FE R E N C E S
Ackefors, H. (2009). The evolution of a worldwide shrimp industry. World 
Aquaculture, 40, 46–55. Retrived from https://www.was.org›magaz 
ine›Artic leCon tent
Becerra-Dorame, M. J., Martinez-Cordova, L. R., Martinez-Porchas, M., 
Hernandez-Lopez, J., Lopez-Elias, J. A., & Mendoza-Cano, F. (2012). 
Effect of using autotrophic and heterotrophic microbial-based-sys-
tems for the pre-grown of Litopenaeus vannamei, on the production 
performance and selected haemolymph parameters. Aquaculture 
Research, 45, 944–948. https://doi.org/10.1111/are.12033
Borda, E., Martinez-Puig, D., & Cordoba, X. (2003). Well-balanced nucle-
otide supply makes sense. Feed Mix, 11, 24–26.
Briffa, M., & Elwood, R. W. (2001). Decision rules, energy metabolism 
and vigour of hermit-crab fights. Proceedings of the Royal Society B: 
Biological Sciences, 268(1478), 1841–1848. https://doi.org/10.1098/
rspb.2001.1752
Briggs, M., Smith, S. M., Subasinghe, R., & Phillips, M. (2004). Introduction 
and movement of Penaeus vannamei and Penaeus stylirostris in 
asia and the Pacific. Bangkok, Thailand: Food and Agricultural 
Organization.
Burrells, C., William, P. D., Southage, P. J., & Wadsworth, S. L. (2001). 
Dietary nucleotides: A novel supplement in fish feeds 2. Effects 
on vaccination, salt water transfer, growth rate and physiology of 
2258  |     YONG et al.
Atlantic salmon. Aquaculture, 199, 171–184. https://doi.org/10.1016/
S0044-8486(01)00576-2
Carver, J. D., & Walker, W. A. (1995). The role of nucleotides in human 
nutrition. The Journal of Nutritional Biochemistry, 6, 58–72. https://
doi.org/10.1016/0955-2863(94)00019-I
Chaves, V. E., Frasson, D., Martins-Santos, M. E. S., Boschini, R. P., 
Garófalo, M. A. R., Festuccia, W. T. L., … Migliorini, R. H. (2006). 
Glyceroneogenesis is reduced and glucose uptake is increased in 
adipose tissue from cafeteria diet-fed rats independently of tissue 
symphathetic innervation. The Journal of Nutrition, 136, 2475–2480. 
https://doi.org/10.1093/jn/136.10.2475
Chen, J. C., & Cheng, S. Y. (1993). Hemolymph PCO2, hemocyanin, 
protein levels and urea excretions of Penaeus monodon exposed 
to ambient ammonia. Aquatic Toxicolog, 27, 281–292. https://doi.
org/10.1016/0166-445X(93)90059-A
Chen, J. C., Cheng, S. Y., & Chen, C. T. (1994). Changes of haemocy-
anin, protein and free amino acid levels in the haemolymph of 
Penaeus japonicas exposed to ambient ammonia. Comparative 
Biochemistry Physiology Part A, 109(2), 339–347. https://doi.
org/10.1016/0300-9629(94)90137-6
Chen, J. C., Nan, F. H., Cheng, S. Y., & Sheen, S. S. (1993). Effects of 
ambient ammonia on ammonia-N and protein concentrations in he-
molymph and ammonia-N excretion of Penaeus chinensis. Marine 
Ecology Progress Series, 98, 203–208.
Chen, J. C., & Lin, C. Y. (1992). Effect of ammonia on growth of Penaeus 
penicillatus juveniles. Comparative Biochemistry and Physiology, 101, 
443–447. https://doi.org/10.1016/0742-8413(92)90067-H
Chen, J. C., & Lin, C. Y. (1995). Responses of oxygen consumption, ammo-
nia-N excretion and urea-N excretion of Penaeus chinensis exposed 
to ambient ammonia at different salinity and pH levels. Aquaculture, 
136, 243–255. https://doi.org/10.1016/0044-8486(95)01060-2
Cheng, Z., Buentello, A., & Gatlin, D. M. III. (2011). Dietary nucleotides 
influence immune responses and intestinal morphology of red drum 
Sciaenops ocellatus. Fish and Shellfish Immunology, 30(1), 143–147. 
https://doi.org/10.1016/j.fsi.2010.09.019
Do Huu, H. (2016). Overview of the application of nucleotide in aqua-
culture. Journal of Coastal Life Medicine, 4(10), 816–823. https://doi.
org/10.12980/ jclm.4.2016J6-165
FAO Yearbook (2015). Fishery and aquaculture statistics summary tables 
(p. 28). Rome: FAO.
Firdaus, R. F., Lim, L. S., Kawamura, G., & Shapawi, R. (2016). Assessment 
on the acceptability of hybrid grouper, Epinephelus fuscoguttatus♀* 
Epinephelus lanceolatus ♂ to soybean meal-based diets. AACL Bioflux, 
9(2), 284–290.
Forster, I. P., Dominy, W., & Tacon, A. G. (2002). The use of concentrates 
and other soy products in shrimp feeds. In: L. E. Cruz-Suárez, D. 
Ricque-Marie, M. Tapia-Salazar, M. G. Gaxiola-Cortés, & N. Simoes 
(Eds.). Avances en Nutrición Acuícola VI (pp. 527–540). Avances en 
Nutrición Acuícola VI. Memorias del VI Simposium Internacional de 
Nutrición Acuícola. 3 al 6 de Septiembre del 2002. Cancún, Quintana 
Roo, México. Monterrey, NL, México: Universidad Autónoma de 
Nuevo León.
Guo, J. P., Guo, B. Y., Zhang, H. L., Xu, W., Zhang, W. B., & Mai, K. 
S. (2016). Effects of nucleotides on growth performance, immune 
response, disease resistance and intestinal morphology in shrimp 
Litopenaeus vannamei fed with a low fish meal diet. Aquaculture 
International, 24(4), 1007–1023. https://doi.org/10.1007/
s10499-015-9967-7
Hall, M. R., & van Ham, E. H. (1998). The effects of different types of 
stress on blood glucose in the giant tiger prawn Penaeus monodon. 
Journal of the World Aquaculture Society, 29, 290–299. https://doi.
org/10.1111/j.1749-7345.1998.tb006 49.x
Holen, E., & Johsson, R. (2004). Dietary nucleotides and intestinal cell 
lines: I. modulation of growth. Nutrition Research, 24(3), 197–207. 
https://doi.org/10.1016/j.nutres.2003.11.004
Hoseini, S. M., Hedayati, A., & Ghelichpour, M. (2014). Plasma metabo-
lites, ions and thyroid hormones levels and hepatic enzymes activ-
ity in Caspian roach (Rutilus rutilus caspicus) exposed to waterborne 
manganese. Ecotoxicology and Environmental Safety, 107, 84–89. 
https://doi.org/10.1016/j.ecoenv.2014.05.002
Hoseini, S. M., Hosseini, S. A., & Nodeh, A. J. (2011). Serum biochem-
ical characteristics of Beluga, Huso huso (L.), in response to blood 
sampling after clove powder solution exposure. Fish Physiology 
and Biochemistry, 37(3), 567–572. https://doi.org/10.1007/
s10695-010-9458-8
Hoseini, S. M., Lluis, T., Abolhasani, M. H., & Rajabiesterabadi, H. (2016). 
Physiological, ionoregulatory, metabolic and immune responses 
of Persian sturgeon, Acipenser Persicus (Borodin, 1897) to stress. 
Aquaculture Research, 47(12), 3729–3739. https://doi.org/10.1111/
are.12822
Hossain, M. S., Koshio, S., Ishikawa, M., Yokoyama, S., & Sony, N. M. 
(2016). Dietary effects of adenosine monophosphate to enhance 
growth, digestibility, innate immune responses and stress resistance 
of juvenile red sea bream, Pagrus major. Fish Shellfish Immunology, 56, 
523–533. https://doi.org/10.1016/j.fsi.2016.08.009
Hossain, M. S., Koshio, S., Ishikawa, M., Yokoyama, S., Sony, N. M., Kader, 
M. A., … Fujieda, T. (2017). Effects of dietary administration of ino-
sine on growth, immune response, oxidative stress and gut morphol-
ogy of juvenile amberjack, Seriola dumerili. Aquaculture, 468, 534–
544. https://doi.org/10.1016/j.aquac ulture.2016.11.020
Hu, Y., Tan, B., Mai, K., Ai, A., Zheng, S., & Cheng, K. (2008). Growth and 
body composition of juvenile white shrimp Litopenaeus vannamei, fed 
different ratios of dietary protein to energy. Aquaculture Nutrition, 
14, 499–506. https://doi.org/10.1111/j.1365-2095.2007.00555.x
Huu, D. O., Hoang, S. T., Hoffmann, K., Köppel, P., & Barnes, A. C. (2013). 
The purines nucleotides guanine, adenine and inosine are a dietary 
requirement for optimal growth of black tiger prawn, Penaeus mono-
don. Aquaculture, 408–409, 100–105. https://doi.org/10.1016/j.
aquac ulture.2013.05.023
Iwama, G. K., Afonso, L. O. B., & Vijayan, M. M. (2006). Stress in fishes. In 
D. H. Evans, & J. B. Claiborne (Eds.), The physiology of fishes, 3rd ed. 
(pp. 319–342). New York, NY: CRC Press.
Kenari, A. A., Mahmoudi, N., Soltani, M., & Abediankenari, S. (2012). 
Dietary nucleotide supplements influence the growth, haemato-im-
munological parameters and stress responses in endangered Caspian 
brown trout (Salmo trutta caspius Kessler, 1877). Aquaculture Nutrition, 
19(1), 54–63. https://doi.org/10.1111/j.1365-2095.2012.00938.x
Kumar, V., Sinha, A. K., Romano, N., Allen, K. M., Bowman, B. A., 
Thompson, K. R., & Tidwell, J. H. (2018). Metabolism and nutri-
tive role of cholesterol in the growth, gonadal development, 
and reproduction of Crustaceans. Reviews in Fisheries Science 
& Aquaculture, 26(2), 254–273. https://doi.org/10.1080/23308 
249.2018.1429384
Leonardi, M., Sandino, A. M., & Klempau, A. (2003). Effect of a nucleo-
tide-enriched diet on the immune system, plasma cortisol levels and 
resistance to infectious pancreatic necrosis (IPN) in juvenile rainbow 
trout (Oncorhynchus mykiss). Bulletin European Association of Fish 
Pathologists, 23(2), 52–59.
Li, P., & Gatlin, D. M. (2004). Dietary brewers yeast and the probiotic 
Grobiotic AE influence growth performance, immune response 
and resistance of hybrid striped bass (Morone chrysops 9M. saxati-
lis) to Streptococcus iniae infection. Aquaculture, 231(1–4), 445–456. 
https://doi.org/10.1016/j.aquac ulture.2003.08.021
Li, P., Gatlin, D. M. I. I. I., & Neill, W. H. (2007). Dietary supplementa-
tion of a purified nucleotide mixture transiently enhanced growth 
and feed utilization of juvenile red drum, Sciaenops ocellatus. 
Journal of World Aquaculture Society, 38, 281–286. https://doi.
org/10.1111/j.1749-7345.2007.00096.x
Lim, C., & Dominy, W. (1990). Evaluation of soybean meal as a re-
placement for marine animal protein in diets for shrimp 
     |  2259YONG et al.
(Penaeus vannamei). Aquaculture, 87, 53–63. https://doi.
org/10.1016/0044-8486(90)90210-E
Lin, Y. C., & Chen, J. C. (2001). Acute toxicity of ammonia on Litopenaeus 
vannamei Boone juveniles at different salinity levels. Journal of 
Experimental Marine Biology and Ecology, 259, 109–119. https://doi.
org/10.1016/S0022-0981(01)00227-1
Lin, Y., Wang, H., & Shiau, S. (2009). Dietary nucleotide supplementa-
tion enhances growth and immune responses of grouper, Epinephelus 
malabaricus. Aquaculture Nutrition, 15, 117–122. https://doi.
org/10.1111/j.1365-2095.2007.00561.x
Lorenzon, S., Francese, M., & Ferrero, E. A. (2000). Heavy metal toxicity 
and differential effects on the hyperglycemic stress response in the 
shrimp Palaemon elegans. Archives of Environmental Contamination and 
Toxicology, 39, 167–176. https://doi.org/10.1007/s0024 40010093
Lu, X., Luan, S., Luo, K., Meng, X. H., Li, W. J., Sui, J., … Kong, J. (2015). 
Genetic analysis of the Pacific white shrimp (Litopenaeus vannamei): 
Heterosis and heritability for harvest body weight. Aquaculture 
Research, 47, 3365–3375. https://doi.org/10.1111/are.12820
Machele, P. R., Khan, A. K., Sarojini, R., & Nagabhushanam, R. (1989). 
Copper and cadmium induces changes in blood sugar level of crab, 
Barytelphusa canicularis. Uttar Pradesh Journal of Zoology, 9, 113–115.
Martínez-Antonio, E. M., Racotta, I. S., Ruvalcaba-Márquez, J. C., & 
Magallón-Barajas, F. (2019). Modulation of stress response and pro-
ductive performance of Litopenaeus vannamei through diet. PeerJ, 7, 
e6850. https://doi.org/10.7717/peerj.6850
Martinez-Porchas, M., Martinez-Cordova, L. R., & Ramos-Enriquez, R. 
(2009). Cortisol and Glucose: Reliable indicators of fish stress? Pan-
American Journal of Aquatic Sciences, 4, 158–178.
McGraw, W. J., Davis, D. A., Teichert-Coddington, D., & Rouse, D. B. 
(2002). Acclimation of Litopenaeus vannamei postlarvae to low sa-
linity: Influence of age, salinity endpoint, and rate of salinity reduc-
tion. Journal of the World Aquaculture Society, 33, 78–84. https://doi.
org/10.1111/j.1749-7345.2002.tb004 81.x
Mercier, L., Palacios, E., Campa-Córdova, Á. I., Tovar-Ramírez, D., 
Hernández-Herrera, R., & Racotta, I. S. (2006). Metabolic and im-
mune responses in Pacific white leg shrimp Litopenaeus vannamei 
exposed to a repeated handling stress. Aquaculture, 258, 633–640. 
https://doi.org/10.1016/j.aquac ulture.2006.04.036
Miao, X., Cao, J., Xu, W., Zhang, W., & Mai, K. (2014). Effects of dietary 
nucleotides on growth performance, intestinal morphology and an-
ti-oxidative capacities of large yellow croaker (Larimichthys crocea). 
Journal of Fisheries of China, 38(8), 1140–1148.
Mohamed Fouzi, M. N., Shariff, M., & Yusoff, F. M. (2012). Stress quanti-
fication in Penaeus monodon exposed to different levels of ammonia 
and subsequent infection to WSSV. Research Journal of Veterinary 
Sciences, 5, 13–24. https://doi.org/10.3923/rjvs.2012.13.24
Mohd Faudzi, N., Yong, A. S. K., Shapawi, R., Senoo, S., Biswas, A., & Takii, 
K. (2018). Soy protein concentrate as an alternative in replacement 
of fish meal in the feeds of hybrid grouper, brown-marbled grouper 
(Epinephelus fuscoguttatus) × giant grouper (E. lanceolatus) juvenile. 
Aquaculture Research, 49(1), 431–441. https://doi.org/10.1111/
are.13474
Mugnier, C., Zipper, E., Goarant, C., & Lemonnier, H. (2008). Combined 
effect of exposure to ammonia and hypoxia on the blue shrimp 
Litopenaeus stylirostris survival and physiological response in relation 
to molt stage. Aquaculture, 274, 398–407. https://doi.org/10.1016/j.
aquac ulture.2007.11.033
Murthy, H. S., Li, P., Lawrence, A. L., & Gatlin, D. M. (2009). Dietary 
β-glucan and nucleotide effects on growth, survival and immune 
responses of pacific white shrimp, Litopenaeus vannamei. Journal of 
Applied Aquaculture, 21, 160–168. https://doi.org/10.1080/10454 
43090 3113644
Ocampo, L., Patino, D., & Ramirez, C. (2003). Effect of temperature 
on haemolymph lactate and glucose concentration in spiny lob-
ster Palinurus interruptus during progressive hypoxia. Journal of 
Experimental Marine Biology and Ecology, 296, 71–77. https://doi.
org/10.1016/S0022-0981(03)00317-4
Oulad, S., Abedian, A. M., & Khodabandeh, S. (2009). Effect of dietary 
nucleotide on the osmoregulatory function of pyloric caeca in 
Caspian Sea salmon, Salmo trutta caspius. Comparative Biochemistry 
and Physiology. Part A Molecular & Integrative Physiology, 153(2), 81. 
https://doi.org/10.1016/j.cbpa.2009.04.059
Racotta, I. S., Palacios, E., & Mendez, L. (2002). Metabolic responses to 
short and long-term exposure to hypoxia in the shrimp Penaeus van-
namei. Marine and Freshwater Behaviour and Physiology, 35, 269–275.
Ramadan, A., Afifi, N. A., Moustafa, M., & Samy, A. M. (1994). The effect 
of ascogen on the immune response of tilapia fish to Aeromonas hy-
drophila vaccine. Fish Shellfish Immunology, 5, 159–165. https://doi.
org/10.1006/fsim.1994.1015
Remany, M. C., Cyriac, D., Varada Raju, P. K. K., Sruthi Prem, O. C., Kannan, 
K. K., Kumar, J., & Sam Raj, Y. C. T. (2017). Haematological param-
eters as predictive indicators of stress induced mortality in Pacific 
White Shrimp Penaeus vannamei (Boone, 1931) broodstock during 
transboundary shipment. Indian Journal of Geo-Marine Science, 46(7), 
1440–1446. http://nopr.nisca ir.res.in/handl e/12345 6789/42232
Romano, N., & Zeng, C. (2013). Toxic effects of ammonia, nitrite, 
and nitrate to decapod crustaceans: A review on factors influ-
encing their toxicity, physiological consequences, and coping 
mechanisms. Reviews in Fisheries Science, 21(1), 1–21. https://doi.
org/10.1080/10641 262.2012.753404
Rosenberry, B. (2003). World shrimp farming. San Diego, CA: Shrimp 
News International.
Sakai, M., Taniguchi, K., Mamoto, K., Ogawa, H., & Tabata, M. (2001). 
Immunostimulant effects of nucleotide isolated from yeast RNA on 
carp, Cyprinus carpio L. Journal of Fish Disease, 24, 433–438. https://
doi.org/10.1046/j.1365-2761.2001.00314.x
Saoud, I. P., Davis, D. A., & Rouse, D. B. (2003). Suitability studies of in-
land well waters for Litopenaeus vannamei culture. Aquaculture, 217, 
373–383. https://doi.org/10.1016/S0044-8486(02)00418-0
Schuler, D. J., Boardman, G. D., Kuhn, D. D., & Flick, G. J. (2010). Acute 
Toxicity of Ammonia and Nitrite to Pacific White Shrimp, Litopenaeus 
vannamei, at Low Salinities. Journal of the World Aquaculture Society, 
41(3), 438–446. https://doi.org/10.1111/j.1749-7345.2010.00385.x
Shi, X., Zhuang, P., Zhang, L., Chen, L., Xu, B., Feng, G., & Huang, X. 
(2010). Optimal starvation time before blood sampling to get base-
line data on several blood biochemical parameters in Amur Sturgeon, 
Acipenser schrenckii. Aquaculture Nutrition, 16(5), 544–548. https://
doi.org/10.1111/j.1365-2095.2009.00711.x
Shiau, S. Y., & Lin, Y. H. (2015). Dietary nucleotides supplementation 
enhances growth, immune responses and survival to Vibrio algino-
lyticus of juvenile white shrimp, Litopenaeus vannamei. Journal of the 
Fisheries Society of Taiwan, 42(3), 179–187.
Song, J. W., & Lee, K. J. (2013). Effects of dietary nucleotide supplemen-
tation on the growth performance, feed utilization, hematological pa-
rameters and innate immunity in red seabream Pagrus major. Korean 
Journal of Fisheries and Aquatic Sciences, 46(6), 785–792. https://doi.
org/10.5657/KFAS.2013.0785
Song, J. W., Lim, S. J., & Lee, K. J. (2012). Effects of dietary supplemen-
tation of inosine monophosphate on growth performance, innate 
immunity and disease resistance of olive flounder (Paralichthys oli-
vaceus). Fish Shellfish Immunology, 33(4), 1050–1054. https://doi.
org/10.1016/j.fsi.2012.07.011
Tahmasebi-Kohyani, A., Keyvanshokooh, S., Nematollahi, A., Mahmoudi, 
N., & Asha-Zanoosi, H. (2011). Effects of dietary nucleotides sup-
plementation on rainbow trout (Oncorhynchus mykiss) performance 
and acute stress response. Fish Physiology and Biochemistry, 38(2), 
431–440. https://doi.org/10.1007/s10695-011-9524-x
Wendelaar Bonga, S. E. (1997). The stress response of fish. 
Physiological Reviews, 77, 591–626. https://doi.org/10.1152/physr 
ev.1997.77.3.591
2260  |     YONG et al.
Xiong, J., Jin, M., Yuan, Y., Luo, J. X., Lu, Y., Zhou, Q. C., … Tan, Z. L. (2018). 
Dietary nucleotide-rich yeast supplementation improves growth, 
innate immunity and intestinal morphology of Pacific white shrimp 
(Litopenaeus vannamei). Aquaculture Nutrition, 24, 1–11, https://doi.
org/10.1111/anu.12679
Xu, L., Ran, C., He, S., Zhang, J., Hu, J., Yang, Y., … Zhou, Z. (2015). Effects 
of dietary yeast nucleotides on growth, non-specific immunity, in-
testine growth and intestinal microbiota of juvenile hybrid tilapia 
Oreochromis niloticus ♀ × Oreochromis aureus ♂. Animal Nutrition, 
1(3), 244–251.
Yang, Q.-H., Tan, B.-P., Dong, X.-H., Chi, S.-Y., & Liu, H.-Y. (2015). Effect of 
replacing fish meal with extruded soybean meal on growth, feed uti-
lization and apparent nutrient digestibility of juvenile white shrimp 
(Litopenaeus vannamei). Journal of Ocean University of China (Oceanic 
and Coastal Sea Research), 14(5), 865–872. https://doi.org/10.1007/
s11802-015-2572-6
Yin, H. C., Huang, J., Yang, D. H., Zhao, H. Y., Jia, F., & Zhang, Y. (2015). 
Effects of yeast nucleotide on growth performance, serum immune 
index and muscle composition of Ancherythroculter nigrocauda Yih & 
Wu. Iranian Journal of Fisheries Sciences, 14(3), 646–659. http://aquat 
iccom mons.org/id/eprin t/22806
Yoganandhan, K., Thirupathi, S., & Hameed, A. S. S. (2003). Biochemical, 
physiological and hematological changes in white spot syndrome vi-
rus-infected shrimp, Penaeus indicus. Aquaculture, 221, 1–11. https://
doi.org/10.1016/S0044-8486(02)00220-X
Zhao, H. X., Cao, J. M., Huang, Y. H., Zhou, C. P., Wang, G. X., Mo, W. Y., 
& Chen, X. Y. (2015). Effects of dietary nucleotides on growth, phys-
iological parameters and antioxidant responses of juvenile yellow 
catfish Pelteobagrus fulvidraco. Aquaculture Research, 48(1), 214–222. 
https://doi.org/10.1111/are.12875
Zhao, H. X., Cao, J. M., Wang, A. L., Du, Z. Y., Ye, C. X., Huang, Y. H., 
… Guo, L. L. (2012). Effect of long-term administration of dietary 
β-1,3-glucan on growth, physiological, and immune responses in 
Litopenaeus vannamei (Boone, 1931). Aquaculture International, 20(1), 
145–158. https://doi.org/10.1007/s10499-011-9448-6
Zin, K. Y., & Chu, C. J. (1991). Acute toxicity of ammonia to Penaeus japon-
icus bate juveniles. Aquaculture Research, 22, 259–263. https://doi.
org/10.1111/j.1365-2109.1991.tb005 15.x
How to cite this article: Yong ASK, Mok WY, Tamrin MLM, 
Shapawi R, Kim Y-S. Effects of dietary nucleotides on growth, 
survival and metabolic response in whiteleg shrimp, 
Litopenaeus vannamei against ammonia stress condition. Aquac 
Res. 2020;51:2252–2260. https://doi.org/10.1111/are.14570
